Supplemental Inventory

(See accompanying Excel file.)
Supplemental Experimental Procedures
Intestinal epithelial extraction. To generate tissue for protein and RNA analysis gut epithelial tissue was extracted as previously described (Ayabe et al., 2000) . Briefly, 10cm portions of intestine were flushed with PBS and inverted over a glass rod to expose the epithelial surface. Intestines were incubated in PBS + 30mM EDTA for 5 minutes followed by 30s of vigorous shaking for a total of 6 incubations.
Microscopic analysis identified fractions 5 (20-25 min) and 6 (25-30 min) as containing predominantly crypts. These fractions were used for downstream analysis. RNA isolation. RNA was isolated from epithelial extractions using a Qiagen RNeasy Mini Kit (Qiagen, Crawly, West Sussex, UK) according to the manufacturer's instructions. DNA-free (Ambion/Applied Biosystems, Warrington, UK) was used to remove genomic DNA contamination from the RNA prior to RT-PCR, according to the manufacturer's instructions.
Quantitative PCR (qPCR). 1ug of RNA was reverse transcribed to cDNA using a DyNAmo SYBR Green 2-step qPCR kit (Finnzymes, Espoo, Finland) in a reaction volume of 20ul. qPCR was performed in triplicate in a 20 μl reaction mixture containing 10 μl of 2 × DyNAmo HS master mix, 0.5 μM of each of the primers and 0.1 μl cDNA. The reaction mixture without a template was run as a control. The cycling conditions were as follows: 95°C for 15 min, followed by 40 cycles of three steps consisting of denaturation at 94°C for 15 s, primer annealing at the optimal temperature for 30s, and primer extension at 72°C for 30s. A melting curve analysis was performed from 70°C to 95°C in 0.3°C intervals to demonstrate the specificity of each amplicon and to identify the formation of primer dimers. β-actin or Gapdh were used to normalize for differences in RNA input.
Active Rac binding assay. In vivo Rac activation was assessed using a Rac activation assay kit (Cellbiolabs), Wildtype or VilCreER Apc fl/fl mice were given daily 80mg/kg-tamoxifen IP injections for 4 days and culled 4 days after the first injection. Pieces of gut were isolated and lysed in the lysis buffer provided using a Precellys 24 tissue homogeniser. For NSC23766 treatment mice were IP injected with 4mg/kg NSC23766 on days 2, 3 and 4 following tamoxifen induction.
Colorectal cancer tissue microarray. A colorectal cancer tissue microarray was constructed containing normal colon mucosa (n=50), primary (n=650) and metastatic colorectal cancer (n=285). The metastases were all from tumour involved lymph nodes of the stage 3 (Dukes C) cases. Each normal sample was acquired from at least 10 cm distant from the tumour as previously described Coghlin et al., 2006; Duncan et al., 2008; Hope and Murray, 2011; Kumarakulasingham et al., 2005; O'Dwyer et al., 2011) . In total, tumour samples from 650 patients were involved in this study, in each case, a diagnosis of primary colorectal cancer had been made, and the patients had undergone elective surgery for primary colorectal cancer, in Aberdeen, between 1994 and 2009. Survival information was available for all patients and at the time of censoring patient outcome data there had been 309 (47.5%) deaths. The mean patient survival was 115 months (95% CI, 108-124 months). None of the patients had received any pre-operative chemotherapy or radiotherapy. The histopathology of each case was reviewed and areas of tissue to be sampled were first identified and marked on the appropriate haematoxylin and eosin stained slide by an expert consultant gastro-intestinal pathologist (GIM). Two 1mm cores were taken from these areas of the corresponding wax embedded block using a Beecher Instruments tissue microarrayer (Sun Prairie, WI, USA) and placed in a recipient paraffin block (O'Dwyer et al., 2011) . Following transfer, the recipient array block was heated to 37 o C, and a glass slide was used to carefully press down the cores to ensure they were all at the same level within the recipient wax block. Sections (4 microns) in thickness were cut and mounted on coated slides for immunohistochemistry. Statistical analysis of the immunohistochemical data including Kaplan-Meier survival analysis, and log-rank test was performed using SPSSv19 for Windows XP (SPSS UK, Ltd, with 2 x 1ml Tiam1 buffer, 2 x 1ml LiCl buffer and 2 x 1ml TE. DNA was eluted overnight with 100ul TE, 1% SDS, 150mM NaCl, 5ul proteinase K at 65C. DNA was purified with Qiagen PCR purification kit and eluted with 100ul elution buffer. 5ul of DNA was used per qPCR reaction. Samples equating to 25% of input was also isolated and used in qPCR analysis. IP efficiency as a percentage of input was calculated based on DCt values obtained in qPCR reactions.
In vivo imaging of ISCs.
Intestinal tissue explants were taken from Lgr5-GFP expressing mice and exposed to 50mg/ml (-)-scopolamine-N-butylbromide for 10 minutes to minimise peristalsis. All imaging was performed on a Nikon Eclipse TE2000-U inverted microscope with an Olympus long working distance 20x 0.95 NA water immersion lens. The excitation source used for all image acquisition was a Ti:Sapphire femto-second pulsed laser (Cameleon, Coherent UK). A scan head specifically designed for multi-photon excitation was used (Trim-scope, LaVision Biotec, Germany) to control all beam scanning and data acquisition. The Trim-scope multiphoton microscope was used to image regions of tissue measuring typically 2 x 2 mm composed of 500 x 500 x 100 μm regions. The excitation wavelength was 890 nm and a 435/40 nm band pass filter used to filter the SHG and a 525/50 nm band pass filter used for the GFP emission. A 500 nm LP dichroic was used to spectrally separate the emission signal. For optimal efficiency, the detectors were placed again in the NDD port at the back aperture of the objective lens. Xuv-tools GUI (Emmenlauer et al., 2009) DHE staining on cryosections. OCT covered tissues were cut in 8μm sections. Slides were incubated at 37° C in 30μM DHE (Invitrogen Molecular Probes D11347) for 7 min. Vectashield containing DAPI (Vector Laboratories, Inc.) was used as counter stain. Samples were immediately analysed with a Zeiss 710 upright confocal microscope. Fluorescence intensity of at least 100 nuclei per sample was scored in at least 3 mice.
Crypt isolation and propagation. Mouse small intestines were opened longitudinally and washed with PBS. Crypts were isolated as previously described (Sato et al., 2009 NADP/NADPH assay. NADP+ and NADPH levels were measured from intestinal tissue using a NADP/NADPH Assay Kit (ab65349). WT, APC and APC Rac1 mice were induced with tamoxifen as described and culled 4 days later. 20mg of small intestinal tissue was lysed in the lysis buffer provided using a Precellys 24 tissue homogeniser. Lysates were cleared by centrifugation at 13,000rpm for 10 min and then filtered through 10 kDa molecular weight cut off filters (ab93349) before performing the assay. A standard curve time course was performed at 10 minute intervals to determine optimal incubation time (20 minutes at RT) for analysis. NADP and NADPH levels in total lysate were calculated by comparison to the standard curve. Protein concentration was determined for each samples and values represented as pmol NADP / NADPH per ug filtered lysate.
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